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Abstract This study explores the ocean–atmosphere
interaction in the formation and dynamics of the South
Atlantic Convergence Zone (SACZ), through the analysis
of the heat sources estimated through the outgoing long-
wave radiation. The results obtained with this study show
that the coupled variability between SACZ and the South
Atlantic Ocean indicates that in northern positioned SACZ
cases (over Southeastern Brazil), westerly anomalies are
verified in the low level continental tropical circulation,
consistent with the active phase of the South America
Monsoon System (SAMS). In these cases, cold anomalies
in the subtropical Atlantic Ocean cause an increase in the
continent–ocean temperature gradient, favoring an easterly
flow in this region, and blocking the SACZ at a northerly
position. Easterly anomalies in the tropical continent were
verified in the low level circulation in southern positioned
cases (over Southern Brazil), consistent with the SAMS
break phase. The SST anomaly patterns indicate cold
anomalies in the tropics and warm anomalies in the sub-
tropics, which do not favor the development of an easterly
flow at low levels over the western tropical Atlantic. In
these cases, two situations may occur: the strengthening of
the Low Level Jet (LLJ), which prevails in the eastern
subtropical South America and convergence with the South
Atlantic Subtropical High at its southern position; or the
atmospheric unstable conditions caused by ocean warm
SST anomalies (in this case the LLJ may be weaker than its
climatological intensity).
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1 Introduction
This work explores the ocean–atmosphere interaction in
the formation and dynamics of the South Atlantic Con-
vergence Zone (SACZ), through the analysis of the heat
sources estimated through the outgoing longwave radiation
(OLR).
The main observational studies on the relationship
between SACZ and Atlantic SST anomalies (Barros et al.
2000; Robertson and Mechoso 2000; Doyle and Barros
2002) verified that the SACZ intensifications and dis-
placement to north are associated to cold SST anomalies in
the western subtropical South Atlantic. Analogously, warm
SST anomalies in the western subtropical South Atlantic
are accompanied by the southward displacement of the
SACZ (Barros et al. 2000; Doyle and Barros 2002).
According to Robertson and Mechoso (2000), cold
anomalies are located below the atmospheric trough asso-
ciated with an intensified SACZ. The authors suggest a
forcing from the atmosphere to the ocean, thermodynamic
and wind driven. The studies by Kalnay et al. (1986),
Chaves and Nobre (2004) and De Almeida et al. (2007)
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also pointed out to SST cooling underneath the SACZ. The
results of numerical experiments with an Ocean General
Circulation Model performed by Chaves and Nobre (2004)
showed that the SACZ intensification cools the underlying
ocean through the reduction of incident shortwave solar
radiation.
On the other hand, results of numerical atmospheric
models (Teixeira et al. 2002; Barreiro et al. 2002, 2005;
Robertson et al. 2003; Chaves and Nobre 2004) indicated
that SST anomalies in the Subtropical Atlantic influence
the SACZ intensity and location, suggesting an oceanic
forcing. These studies point to the SACZ shift and
strengthening toward anomalously warm waters in the
Subtropical Atlantic.
There is no clear consensus between the relations of
cause and effect in the SACZ and South Atlantic Ocean
SST coupling. Doyle and Barros (2002) suggested a posi-
tive feedback between positive (negative) SST anomalies
in the western subtropical South Atlantic and weak
(intense) SACZ activity that might enhance the low level
circulation pattern associated with the SACZ seesaw. The
studies of Chaves and Nobre (2004) and De Almeida et al.
(2007) point to the existence of a negative feedback
between the SACZ and the Southwest Tropical Atlantic
SST.
Therefore, this paper aims to contribute to the under-
standing of the coupling between the SACZ and the
Atlantic Ocean introducing an analysis with higher time
frequency in order to explore the possible role of the in-
traseasonal variability. Previous studies have addressed the
interaction between the Atlantic Ocean and the SACZ
through monthly data, obtaining coupling patterns at cli-
mate scale. In addition, the analysis are carried out with
positive and negative time lags between the ocean and the
atmosphere, in order to get a better understanding of cause
and effect relationship between these two systems in the
intraseasonal time scale.
2 Data and methodology
This study used weekly SST data from the National Oce-
anic and Atmospheric Administration (NOAA, OISST—
V2, Reynolds et al. (2002), for the period December 1981
through February 2007. These data have an original grid
spacing of 1 9 1 and were interpolated to 2 9 2. The
atmospheric variable was the NOAA interpolated OLR
(Liebmann and Smith (1996), which allows a satisfactory
convection representation in the SACZ events. Daily OLR
data were used in their original resolution (2.5 9 2.5 grid
spacing) to calculate the weekly averages equivalent to
SST data timescale. The austral summer months (Decem-
ber, January and February) were used to identify SACZ
patterns, since this period corresponds to the mature phase
of the South America Monsoon System (SAMS).
The importance of the ZCAS in the OLR variability has
been proved in several studies (e.g., Kodama 1992; Lieb-
mann et al. 1999; Barros et al. 2000; Carvalho et al. 2002).
As this study is focused on the analysis of coupled vari-
ability between the ocean and the atmosphere, only the
covariance of these variables was analyzed. The singular
value decomposition (SVD) statistical technique was used
to analyze the relationship between the South Atlantic SST
and the OLR in the SACZ region. The aim of this meth-
odology is to identify spatial coupling patterns that maxi-
mize the covariance explained by the two datasets. This
technique is based on SVD of a matrix, whose elements are
the covariances between observations made at different
grid points in two geophysical fields (Bretherton et al.
1992; Wallace et al. 1992; Bjo¨rnsson and Venegas 1997).
The SVD was applied to weekly anomalies of the South
America OLR and the South Atlantic SST. The weekly
anomalies are obtained by removing the annual cycle, by
removing the monthly average, and the time series were
not detrended. The SST domain extends from 50S to the
equator and 60W–15E and the OLR selected area extends
from 40S to the equator and 65W–30W. Furthermore,
the SVD was applied to two lag conditions between SST
and OLR, with SST lagged 1 week negatively and 1 week
positively with respect to OLR.
After identifying the modes that relate SACZ convection
with the South Atlantic SST anomalies, the OLR and SST
composite fields were obtained based on the SST time
series for the mode. The events that deviate more (active
phase) or less (inactive phase) than one standard deviation
were used in the composites. NCEP reanalysis daily data
were also used to obtain composite fields of weekly
anomalies of wind at 850 and 200 hPa, sea level pressure,
vertical velocity (x) at 500 hPa and vertically integrated
moisture flux between 1,000 and 500 hPa (calculated using
vertical wind profiles and specific humidity). The com-
posites of OLR were built through the average of the
selected events for active and inactive cases. The series of
the atmospheric variable and SST anomalies were obtained
by removing the annual cycle. The composites of these
anomalies were built from the average of the anomalies of
the events selected for the active and inactive cases of the
two modes.
The same criterion applied to separate the events was
applied to the time series of modes with and without lag. In
general the periods considered in selected events were
consistent in the three cases that were analyzed. The weeks
identified in the three lagged cases were selected to per-
form the composite analysis considering the most signifi-
cant events. Composite fields of atmospheric variables
were obtained only for the week of the event, while the
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SST fields were also obtained for the week before and the
week after the event (to find cause/effect relationship).
3 Results
3.1 Singular value decomposition
The squared covariance fraction (SCF) explained by the
three leading modes in the three lag cases are shown in
Table 1. The leading modes with no lag cases, SST nega-
tively lagged cases and SST positively lagged cases
respectively explain 66.1, 61.5 and 67.4 % of the covari-
ance. The first and third modes present greater SCF for the
SST positively lagged and the second mode present a
stronger coupling in no lag cases. The spatial patterns
obtained from SVD for positive and negative lags showed
strong similarities with no lag modes. Therefore, we chose
to emphasize the differences obtained between these modes
in the text. The proposal to include in the analysis the
modes obtained for lagged SST is to get a better under-
standing of the atmospheric and oceanic forcing. There-
fore, it is important to include the lagged modes.
The OLR first mode homogeneous field obtained for the
three lags shows a strong center over Northeastern Brazil
and a weak center in opposite signal over Southern Brazil.
The OLR anomaly pattern is associated with a dipole of
SST anomalies in the South Atlantic around 35S. This
SST mode shows a spatial pattern similar to the variability
mode obtained by Venegas et al. (1997), common during
the austral summer, where weakening and strengthening of
the South Atlantic Subtropical High (SASH) force fluctu-
ations of the SST north–south dipole by wind process.
Thus, a SASH weakening would be associated with a
negative SST anomaly pattern north of 30S and positive to
the south, consistent with the Intertropical Convergence
Zone (ITCZ) shift to the south, increasing precipitation
over the Northeast of Brazil. However, this coupled vari-
ability mode is not related to the SACZ variability, so it
will not be studied here.
The second and third modes for no lag cases are shown
in Fig. 1. The SST time series seem to have a more high
frequency variability than the OLR. The spatial resolution
of the original data, higher in SST data, is an important
difference between the two time series and can cause some
influence on the frequency of the time series variability.
Furthermore, the strong influence of the Cirrus is a sig-
nificant feature of the OLR in the tropics. These clouds are
horizontally more homogeneous than the convective
Cumulonimbus and they can influence the frequency of
OLR variability.
The OLR homogeneous field anomaly for the second
mode clearly represents the SACZ variation in its northern
position (SACZN). The SST anomaly pattern in the nega-
tive lag case indicates that SACZN events are preceded by
cold SST anomalies with an elongated northwest-southeast
direction from 20S. During and after SACZN events these
cold anomalies are intensified in the central oceanic portion
and weakened off the Brazilian coast. In cases of precipi-
tation suppression over the region influenced by the
SACZN, warm SST anomalies over the same oceanic
region are verified.
A SST anomaly dipole can be observed in the no lag
case, with warm anomalies north of 20S related to SAC-
ZN intensification. This pattern is coherent with other
studies, such as (Barreiro et al. 2002, 2005) and (Robertson
et al. 2003), who indicated a SACZ displacement and
strengthening toward the anomalous warm waters in the
Atlantic Ocean between 0 and 30S.
Another pattern associated to SACZ variability was
obtained in the third mode, where the SACZ variation in its
southern position (SACZS) is represented in the homoge-
neous field of OLR anomalies. This mode variability
indicates that SACZS events are preceded by cold SST
anomalies in the tropical Atlantic and warm anomalies in
the eastern subtropical Atlantic. Throughout the evolution
of SACZS events the maximum cold anomalies in the
tropical region move eastward and the warm anomalies
move westward, toward the Southern and Southeastern
coast of Brazil. This mode is consistent with the results
obtained by Barros et al. (2000) and Doyle and Barros
(2002), suggesting that warm (cold) SST anomalies in the
western subtropical South Atlantic are accompanied by a
SCAZ displacement to the south (north).
Therefore, the second and third modes represent the
coupled variability between the South Atlantic and the
SACZ. A composite analysis was performed in order to
obtain a better understanding of these modes.
3.2 Composites
For the SACZN mode (second mode of SVD) 77 events for
the active phase and 31 to the inactive phase were selected.
The active phase of the SACZS mode (the third mode of
SVD) is the most common, with 97 events selected, while
Table 1 Square covariance fraction of the three SVD coupled modes
between OLR anomalies over South America and SST anomalies of
the Atlantic Ocean
Lag (week) Mode
1 2 3
0 36.2 20.5 9.4
-1 32.5 18 11
1 39.4 16.6 11.4
Relationship between South Atlantic SST and SACZ 3079
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there were only 10 events of the inactive phase. In both
SACZ modes there are many more cases in the active
phases. One possible cause for SST time series have many
more positive events than negative events was not inves-
tigated in this study.
The composites were obtained for OLR and SST
anomalies. Furthermore, as previously mentioned, NCEP
Reanalysis daily data were used to obtain the weekly
anomaly fields of wind at 850 and 200 hPa, sea level
pressure, 500 hPa vertical velocity (x) and the vertically
integrated moisture flux between 1,000 and 500 hPa.
The separation of active and inactive events for each
mode was carried out with an objective criterion, using a
cutoff of one standard deviation in the SST time series of
the modes obtained. Some events were recurrent in active
SACZN (active SACZS) and inactive SACZS (inactive
SACZN), since the spatial patterns of SST showed some
similarities in both modes, but with opposite signs.
Recurring events represent approximately 40 % of the
cases of inactive modes (less frequent). Since we choose an
objective methodology, recurrent events were not
excluded. The consideration of these events in the com-
posite analysis certainly has an impact on the results,
causing some similar features in cases of active SACZN
(inactive SACZN) and inactive SACZS (active SACZS).
Nevertheless, it was possible to identify significant differ-
ences between the active SACZN (SACZN inactive) and
inactive SACZS (SACZS active), proving the importance
of separating the coupling between the SACZ and the
South Atlantic in four responses.
Figure 2 shows the composites of atmospheric fields for
active and inactive SACZN. The tropical convection
extends toward Southeastern Brazil and the adjacent ocean
in active SACZN events (Fig. 2a). Strengthening of
moisture flux in the equatorial region and increasing
moisture transport from the equatorial Atlantic toward
South America are observed. The moisture transport from
the Amazon region is weakened toward Southern Brazil
and strengthened toward the SACZ. Strong northwesterly
anomalies in moisture flux are observed over the western
subtropical Atlantic. Moreover, southerly anomalies in the
moisture flux from the Atlantic occur on the southern edge
Fig. 1 Homogeneous fields of second (a–c) and third (d–f) modes of
SVD applied to OLR (W m-2) and SST (Celsius) anomalies for no
SST lag case. The colored regions are significant statistically through
the t Student test, with significance level of 5 % (the dashed lines
represent negative values and solid line represent positive values).
The time series of these modes are shown in the middle graphs
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of the SACZ, providing moisture convergence increase
over the SACZ.
The pressure filed for active SACZN events shows
positive anomalies over the southwestern Atlantic, between
40 and 60S (Fig. 2b). An anticyclonic anomaly at low
levels in this region is consistent with positive sea level
pressure anomalies. A cyclonic anomaly occurs over the
SACZ and southeasterly anomalies on the southern edge of
the cyclone and the northern edge of the anticyclone pro-
vide an increase in convergence with the flow from the
Amazon (westerly anomalies) over the Central-West and
Southeastern Brazil, consistent with the active phase of
SAMS (Jones and Carvalho 2002). The vertical velocity at
mid-levels indicates an upward motion over the SACZ,
Uruguay and Northeast Argentina and a downward motion
over Southern Brazil and the adjacent ocean (Fig. 2c).
With respect to the high level flow, a cyclonic anomaly is
consistent with the subsidence region, and the Northeast
Upper Level Trough seems stronger.
The SACZ convection extends toward the states of Sa˜o
Paulo, Parana´ and Santa Catarina for inactive SACZN
events (Fig. 2b). In these cases, easterly anomalies are
identified in the moisture flux in the tropical continental
region, indicating increased moisture transport from the
tropical Atlantic. The anomalies near the SACZ are weak,
indicating a behavior similar to climatology, i.e., an east-
erly moisture flux in the tropical region converging with a
northerly flux from the Amazon, on the SACZ. With
respect to the sea level pressure, positive anomalies extend
from 15S to the south of the continent and negative
anomalies are observed over the South Atlantic between 30
and 50S (Fig. 2e). At low levels, the wind anomalies are
coherent with the pressure anomalies and provide intense
southerly winds in the subtropical western Atlantic,
Fig. 2 Active (a–c) and inactive (d–f) SACZN composites. The
graphs on the left show the fields of OLR anomalies (W m-2) and
vertically integrated moisture flux (10 g cm-1 s-1), the middle graphs
show the fields of sea level pressure anomalies (hPa) and wind at
850 hPa (m s-1) and the graphs on the right show the fields of
vertical velocity x at 500 hPa (Pa s-1) and wind at 200 hPa (m s-1)
Relationship between South Atlantic SST and SACZ 3081
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entering the continent over Southern Brazil and increasing
the low level convergence in this region. The easterly
anomalies in the tropical region are consistent with the
break phase of SAMS (Jones and Carvalho 2002). Anom-
alous upward movement at mid-levels occurs on the SACZ,
mainly over the ocean, and a subsidence is found to the
north and south of this region (Fig. 2f). The high level
circulation shows an anomalous trough, which favors
SACZ convection and an anomalous cyclonic flow over the
subsidence north of the SACZ.
Figure 3 shows SST anomaly evolution in active and
inactive SACZN events. The active phase composite of
SACZN events indicates positive SST anomalies in the
tropical region and along the Argentinean coast. It also
indicates negative SST anomalies in the subtropical
Atlantic and along the Brazilian coast. In this last region,
cold anomalies are intensified in the week when the event
occurs and in the following week the anomalies are
attenuated. In this case the cold SST anomalies are con-
sistent with the increase in sea level pressure and anticy-
clonic anomalies at low levels, since the anticyclonic
circulations favor the warming of the ocean below.
The dipole SST structure obtained appears to be slightly
different from the structure shown in (Barreiro et al. 2002,
2005) and (Robertson et al. 2003), due to cold anomalies off
the Brazilian coast. In these studies the increased precipitation
is over warm SST anomalies, with a maximum near 20S.
Although some circulation patterns obtained are similar to the
results of these studies, the same explanation cannot be taken
into account, because it considers that the positive anomalies
off the Brazilian coast initially force the atmosphere.
From these composites, the variability of the SACZN
mode in its active phase is consistent with the study by
Robertson and Mechoso (2000), who suggest that the warm
anomalies south of 40S coincide with weaker westerly
winds and are consistent with the effect of reduced evap-
oration. The cold anomalies are partly below the atmo-
spheric cold trough related to an intensified SACZ and are
also consistent with atmospheric forcing (thermodynami-
cally and through the anomalous Ekman pumping). This
argument is consistent with the intensification of negative
SST anomalies observed in the week the event. Further-
more, the authors emphasize that negative SST anomalies
can intensify the atmospheric trough. This dipole of SST
anomalies coincides with the Brazil-Malvinas Confluence
region, suggesting a possible oceanic origin.
Cold SST anomalies are found in the tropical Atlantic
and warm anomalies south of 20S in the week preceding
the inactive phase of SACZN event. In the following weeks
the warm anomalies increase to the west, and the cold
anomalies, restricted to the coast of Argentina, extend and
intensify along the Southern Brazilian and Uruguayan
coast. In this case, a forcing from warm oceanic anomalies
to the atmosphere generates the anomalous cyclonic cir-
culation over the southwestern Atlantic, which favors
convergence over Southern Brazil. The cold SST anoma-
lies that intensify under the SACZ can again be explained
by atmospheric forcing.
Fig. 3 SST anomalies (Celsius) composites for active (a–c) and
inactive (d–f) events of SACZN (the dashed lines represent negative
values and solid line represent positive values). The composite fields
are shown for the week before the events (left), for the week of the
events (middle) and for the week after the events (right)
3082 T. Jorgetti et al.
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Figure 4 shows the composites of active and inactive
events of the SACZS mode. The active SACZS features the
convection extending to Southern Brazil, similar to the
inactive SACZN. However, it appears weaker, mainly over
the ocean (Fig. 4a). Easterly anomalies in the moisture flux
over the tropical Atlantic indicate an increase in oceanic
moisture flux towards South America. Westerly anomalies
in the moisture flux are observed over Central Brazil. In the
subtropical Atlantic, easterly anomalies in the moisture flux
are displaced to the south before reaching the continent.
Weak negative anomalies are observed in the sea level
pressure field over Southern Brazil and positive anomalies
over the southeastern Atlantic (Fig. 4b). The low level
circulation is coherent with the sea level pressure anoma-
lies, favoring the northerly anomalous flow over the sub-
tropical Atlantic and weak easterly anomalies in the
tropical region (break phase of SAMS; Jones and Carvalho
2002). Furthermore, it is possible to verify a strengthening
of the Low Level Jet (LLJ). Anomalous upward motion
occurs at mid-levels over Southern Brazil and downward
over Southeastern Brazil. The main feature observed at
high levels is an anticyclonic anomaly over the SACZ.
The tropical convection for inactive SACZS extends to
Southeastern Brazil (Fig. 4d), similarly to the active
SACZN. Westerly anomalies are observed in the moisture
flux over the tropical continental region, indicating a
reduction in Amazonian moisture from the tropical Atlan-
tic. A clear reduction is observed in the moisture transport
related to the LLJ and the increase in oceanic moisture
transport over the subtropical region. Negative anomalies
of sea level pressure are observed over the subtropical
Atlantic and southern South America, and positive anom-
alies occur over Uruguay, Southern Brazil and the extra-
tropical Atlantic (Fig. 4e). Strong anomalies in the low
Fig. 4 Active (a–c) and inactive (d–f) SACZS composites. The
graphs on the left show the fields of OLR anomalies (W m-2) and
vertically integrated moisture flux (10 g cm-1 s-1), the middle graphs
show the fields of sea level pressure anomalies (hPa) and wind at
850 hPa (m s-1) and the graphs on the right show the fields of
vertical velocity x at 500 hPa (Pa s-1) and wind at 200 hPa (m s-1)
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level winds are consistent with these pressure anomalies
and provide an intense southerly flow in the subtropical
Atlantic toward Southeastern Brazil. In addition, the low
level circulation features a significant weakening of the
LLJ and easterly flow over the continental tropical region,
i.e., westerly anomalies observed during the active phase of
SAMS (Jones and Carvalho 2002; Herdies et al. 2002).
Anomalous upward motion occurs at mid-levels over
Southeastern, Central and part of Northeastern Brazil, and
strong subsidence is observed over Southern Brazil and the
adjacent ocean (Fig. 4f).
The active phase of the SACZS mode is marked by cold
SST anomalies in the tropical region (Fig. 5), which
intensify over time. Warm SST anomalies are observed in
the subtropical region in the week preceding the SACZ
event. In the following weeks these anomalies weaken in
the eastern Atlantic. In this case the SACZ shows little
activity over the ocean and causes no changes in the SST.
The warm SST anomalies in the subtropical region are
coherent with the positive sea level pressure anomalies and
anticyclonic anomalies in the low level circulation, sug-
gesting that the atmospheric forcing is the cause of SST
anomalies.
The SACZS mode seems to have some relation to the
warm SST anomaly pattern in the western subtropical
Atlantic obtained by Doyle and Barros (2002). According
to this study, warm SST anomalies do not favor the
development of an easterly flow at low levels over the
western subtropical Atlantic. Therefore, the southeastward
flow at low levels (LLJ) prevails over eastern subtropical
South America and converges with the southward branch
of SASH in a position which is further to the south, in
relation to average conditions.
The frontal activity is frequent in eastern South America
(Seluchi et al. 1995). Thus, convection over Southern
Brazil may result from the combination of frontal and pre-
frontal activity with high moisture availability along the
trajectory of intensified water vapor transport at low levels.
The SST anomaly composite for the inactive phase of
SACZS indicates warm anomalies in the tropical and
southern area and cold anomalies in the subtropical
Atlantic, which are intensified over time, mainly over the
western subtropical Atlantic. Again, SST anomalies appear
to be a response to atmospheric forcing, with negative
anomalies of sea level pressure and cyclonic anomalies in
the low level circulation, generating cold SST anomalies in
the western subtropical Atlantic.
According to Doyle and Barros (2002), cold anomalies
in the western subtropical Atlantic during the summer
provide the most favorable conditions for the land–ocean
temperature gradient to intensify the easterly winds.
Under these conditions, the southward flow of the tropical
continent is blocked. Consequently, this flow is deflected
toward the SACZ and converges with the southward flow
driven by the SASH, contributing to intense activity of
the SACZ. The SACZ convection produces compensatory
subsidence over Northern Argentina and Southern Brazil
(Gandu and Silva Dias 1998), which in turn favors the
Fig. 5 SST anomalies (Celsius) composites for active (a–c) and
inactive (d–f) SACZS events (the dashed lines represent negative
values and solid line represent positive values). The composite fields
are shown for the week before the events (left), for the week of the
events (middle) and for the week after the events (right)
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anticyclonic circulation south of the SACZ. The negative
SST anomalies in the western subtropical Atlantic are
enhanced by atmospheric processes associated with the
SACZ.
This paper suggests different couplings between the
atmosphere and Atlantic Ocean during SACZ events. The
composites of the two SACZN phases indicated forcing
from the ocean to the atmosphere, which promotes the
formation with the moisture support for the ZCAS. In such
cases, the SST anomalies cause changes in atmospheric
pressure and consequently the wind pattern. In SACZS
phases, oceanic variations are a response to the atmo-
spheric conditions associated with the SACZ, where SST
anomalies are associated with variations of the cloudiness
and the atmospheric low level flow.
4 Conclusions
This study has attempted to capture and analyze the cou-
pled variability modes between SACZ and South Atlantic
Ocean, using SST and OLR anomalies over South Amer-
ica. This relationship was identified in the second and third
variability modes obtained by applying the SVD, called
SACZN and SACZS, according to the SACZ position.
The active phase of SACZN mode, with the SACZ in its
northern position, showed a relationship with negative SST
anomalies that extend southeast off the coast of South-
eastern Brazil and positive anomalies near the coast of
Uruguay and Argentina. The active phase of the SACZS
mode, with the SACZ in its southern position, showed a
relationship with negative SST anomalies in the tropical
region and positive in the subtropics.
Composites performed for the active and inactive phases
of SACZN and SACZS modes indicated only two
responses in relation to the SACZ position, with similar
convection placements for the cases of active SACZN and
inactive SACZS and for the cases of active SACZS and
inactive SACZN. However, these variabilities showed
different features, with some distinct patterns of circulation
and moisture source.
In the case of SACZ in the northern position (active
SACZN and inactive SACZS) westerly anomalies in the
tropical continental circulation at low levels were found,
consistent with the active phase of SAMS (Jones and
Carvalho 2002). In these cases, cold anomalies in the
subtropical Atlantic cause an increase in the land–ocean
temperature gradient, which favor an easterly flow in this
region and block the SACZ further north (Doyle and
Barros 2002). However, differences were observed in the
moisture flux anomalies, which indicated a convergence
between moisture coming from the Amazon and the trop-
ical Atlantic in the case of an active SACZN, while the
main moisture source in the case of inactive SACZS is
provided by the Amazon, and the LLJ toward Southern
Brazil is greatly weakened. Furthermore, anomalies in the
subtropical circulation appear to be generated by cold
oceanic anomalies for the active SACZN case and the
anomalies in atmospheric circulation over subtropical
Atlantic seem to be the cause of cold oceanic anomalies for
the inactive SACZS case.
Easterly anomalies in the tropical region were found in
the circulation at low levels in cases of active SACZS and
inactive SACZN, consistent with the break phase of SAMS
(Jones and Carvalho 2002). The patterns of SST anomalies
are also similar in these cases: however, cold anomalies off
the coast of Uruguay and Argentina occur only in the
inactive SACZN case. In the latter, the LLJ was weaker
than the climatology, and the SACZ formed by conver-
gence of the southerly flow in the subtropical Atlantic with
the westerly flow of Southern Brazil and the most impor-
tant moisture source is provided by the subtropical Atlan-
tic. In the case of active SACZS, the stronger LLJ
converges with the southward flow of SASH, obtaining
moisture from both the Amazon and the subtropical
Atlantic. Finally, as mentioned in the cases of the SACZ
northern position, anomalies in the subtropical circulation
appear to be generated by oceanic anomalies for the
SACZN case and the anomalies in atmospheric circulation
over subtropical Atlantic seem to be the cause of oceanic
anomalies for the SACZS case.
In summary, only two SACZ positions are identified
climatologically, as in other papers. But in this study, two
coupled modes were identified with four responses and
some distinct features in the dynamics and formation of the
SACZ. In the two phases of SACZN mode, results indi-
cated a forcing from the ocean to the atmosphere, where
oceanic variations cause changes in atmospheric pressure,
favoring the formation of the SACZ and moisture transport
that sustains the convection. Whereas during the SACZS
phases, oceanic variations are a response to the atmo-
spheric conditions associated with the SACZ, i.e., varia-
tions of the cloudiness and the atmospheric low level flow
are associated to SST anomalies.
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